A very simple "geometrical" model of a fountain is analyzed to evaluate the net flow on the ground resulting from the superposition of the source and the falling streams. On this basis we suggest a scaling for the magnetic field generated at the rear surface of high-intensity laser-irradiated solid targets due to the "fountain effect" related to fast electrons escaping in vacuum.
The interaction of superintense laser pulses with matter leads to the production of a large number of energetic electrons and thus of very high electric currents which, in turn, may lead to very strong quasi-static magnetic fields. A particular case of interest is the interaction with thin solid targets, which is very relevant to schemes for ion acceleration [1] . In such configuration the flow of "fast" electrons generated at front side of the target, i.e. at the laser-plasma interaction surface, may cross the target and try to escape in vacuum. There, the electron flow can not be neutralized by a counterstreaming "return" current and thus electrons are stopped by the self-generated electric field. If the flow of electrons has a finite divergence, electrons may fall back to the target along curved trajectories, so that current loops may be generated along with a magnetic field. A similar "fountain effect" has been invoked to explain both experimental and numerical observations of magnetic fields for various laser-plasma conditions [2] . However, to our knowledge the sound qualitative description of the generation of magnetic fields by such effect has been not supported by an analytical modeling capable to give estimates and scaling laws for the magnetic field. In the attempt to support the interpretation of recent measurements suggesting the generation of nearly hundreds of MGauss fields at the rear side of a solid target irradiated at 10 19 W cm −2
[3], we formulated a very simple "geometrical" model of a fountain to infer the dependence of the magnetic field on the intensity, divergence and spatial extension of the electron flow.
The "toy" model we use is sketched in Fig.1 . The fountain is defined by a given configuration of the stream of "water" from the ground plane (z = 0). The water ejected from the source falls back on the ground under the action of a gravity field g = −gẑ. At any point on the ground, the total flow is the difference of the source flow and of the flow of falling water. To keep things simple, in our toy fountain the current source is defined at the plane z = 0 by the distribution surface, where θ d is the aperture angle (or divergence) of the fountain and r 0 is the radius of the source area. In the limit L = r 0 = 0 the source is point-like and located on the ground. We assume the water particles to be ejected all with the same kinetic energy, i.e. with the same modulus of the velocity v 0 . Thus, at the radial position r = L/ tan θ, the velocity of the flow is
. Under the action of gravity these particles will fall back on the surface after a time t f = 2v 0z /g and at a distance ∆r = v 0r t f from the initial position. Then, the "landing" radius r ′ is given as a function of r by
This equation defines the map from the source point to the falling point. It requires the divergence angle to be θ d < π/4, the angle for which ∆ r is maximum, otherwise the map would be singular. In the following we restrict ourselves to the case of small divergence angles and thus we do not care about the possible singularity. The falling back of the water as "rain" is described by a current J ↓ at the surface. Due to the divergence of the flow J ↓ will not be exactly in the direction opposite to J ↑ , and will spread over a radius larger than r 0 . Conservation of the flow implies 
In order to keep the calculation simple and to highlight the main effects, let us assume
so that the "rain" current spreads over a radius Dr 0 > r 0 and is given by
The total flow at the surface is thus
The total current vanishes at r = r b ≡ r 0 D 2 /(1 + D 2 ) < r 0 and has a derivative cusp at r = r 0 . Figure 2 shows the profiles of the total current (thick line) and the source current (dashed) for D = 1.4. The flow may be balanced by a surface "return" current j r (r) flowing on the ground and determined by the equation r −1 ∂ r (rj r ) = J tot (r). Now suppose this toy fountain to provide a model for the distribution of the electric current due to fast electrons streaming out of the target (since the electron charge is negative, the electric current will be actually in the direction opposite to the flow; to keep track of the sign of B φ in the following it is sufficient to assume J 0 < 0). Such current distribution will generate, just outside the surface z = 0, a magnetic field
within the assumption that B φ (r, z) vanishes inside the target, i.e. for z < 0, which is reasonable if the target is conducting. The peak field will be at the point r = r b . By integrating the above equation from 0 to r b
In terms of the total current I 0 = J 0 πr 2 0 /2 we thus write
Since we assumed θ d ≪ 1, we may approximate
and so if 2v 
Thus the model roughly predicts that for small divergence the magnetic field will scale as ∼ θ d B 0 where B 0 = µ 0 I 0 /2πr 0 is the peak field generated by a total current I 0 distributed over a circle of radius r 0 . In addition, we notice that z 0 = v 2 0 /2g is the height of the fountain, i.e. the point along z at which the water flow emitted in the perpendicular direction (r = 0) gets to. Thus, we may also write
For the electron sheath at the rear of laser-irradiated solid targets the ratio z 0 /r 0 may be estimated in experiments by proton imaging data [4] , or directly in PIC simulations. At early times, before the ions move and significant expansion occurs, typically z 0 ≪ r 0 . The above relation links B (max) to the geometrical ratio z 0 /r 0 and allows to test some consistency relations between the magnetic field and the parameters of the electron flow. We may also try to relate to evaluate the "gravity field" g in terms of such parameters. The gravity effect should be primarily provided by the back-holding electric field, which of course is far from being uniform. Nevertheless, just to infer a possible scaling and an order of magnitude, let us estimate g ≃ eE/m e where E is the typical value of the electric field near to the surface, whose value is related to the amount of charge that leaves the target [5] and also to the energy of impurity protons accelerated from the surface [1] . In addition, we substitute m e v 2 0 /2 = T h where T h is the temperature of hot electrons, a characterizing parameter of experiments in this context. Thus the magnetic field may be also estimated as
In the experiment of Ref. [3] , evidence of magnetic fields at the rear surface having toroidal symmetry and a peak value of ≃ 0.9 × 10 4 T has been provided by proton imaging data. In the investigated experimental conditions, it has been estimated that a laser pulse of ≃ 10 19 W cm −2 intensity focused on a spot area of ≃ 10 µm radius converts a fraction f ≃ 0.1 of its energy into "fast" electrons of ≃ 0.5 MeV kinetic energy, resulting in a total electric current through the target I 0 = 5 × 10 6 A. A beam divergence of 25 • = 0.44 rad and a corresponding emitting area of radius r 0 ≃ 15 µm have been estimated, so that B 0 ≃ 6.7 × 10 4 T. With these parameters, and roughly assuming z 0 /r 0 ≃ 0.1 as suggested by PIC simulations performed in similar conditions, according to Eq.(13) our toy model predicts
T, which is not far from the experimental results. Moreover, in similar conditions the electric field at the surface E ≃ 10 12 V m −1 and, using this value, Eq.(14) gives B (max) ≃ 0.1B 0 = 0.7 × 10 4 T, which is also fairly consistent with the data.
Of course our formulas are expected to provide at best a correct order of magnitude for the magnetic field, due to the extreme simplicity of the toy model. Moreover, several assumptions are either weak or questionable such as e.g. non-relativistic electrons, small beam divergence, uniform electric field, and so on. In addition, the magnetic field is large enough for electrons to be self-magnetized, so the electron cloud might be in (E-)MHD conditions and its dynamics should be evaluated self-consistently, which is a difficult task. Finally, the model may be appropriate (if at all) for early times only, e.g. during the laser pulse (so that there is a continuous flow of electrons from the target), while at lower times convection and dissipative effects would lead the field to decay [3] . That said, the toy model might provide a physical insight into the mechanism of magnetic field generation and a scaling with "geometrical" parameters such as beam divergence and electron sheath extension.
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